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ABSTRACT

A Hydrogeoohemioal and Stream Sediment Reoonnaisaanoa (HSSR)
for uranium IS ourrantly being oonduated throughout the aontwainous
United Statea ard Alaska. The HSSR is part of the National Uranium
Resource Evaluation sponsored by the US Department of Energy.

This ambitioun geoohemioal reoonnaiasanoe program IS oonduotod
by fou- Department of Energy laboratories: Loo Alamos Scientific
Laboratory, Lawrenou Livermore Laboratory,f Oak,Ridgq Gaseoua Difl’uaion
Plant, and Savannah River kboratory. Tha program IS based en an
extensive revimw of world litoraturer raoonna~aaame work done in
other oountrioao and pilot studies aonduotod by ●aah laboratory.
Sample-collection methods and sample donaitv are determined to opti-
mize the probability of deteotil~ potential uranium minwalization.
To aohieve thla aim, eaoh laboratory has developed independent etan-
dardizod field oolleotion proaeduron that are dodignad fbr its eaation
of the country. Field parametws suoh as pH, oonduotivity, olimnte,
gecgraphy, and geology me rcoorded at eaoh site.

$
at mrms um

aamplad nt donoitieu of ono aamplo alto per 10 to 23
Tho HSSRprogrnm hna helped to improve existing hykgaoohamioal

reaonnaisaanco exploration technirxwh In addition to providing in-
dustry with dnta thnt mny help to ldantlfy potontial urnniumdiatriota
and to oxtund known uranium prov~ncoa, tha IISSR nlao provides ❑ulti-
e’.munt ar,alytloal data that ~nn bo uned in water quality, soil,
tiudimmnt~ environmuntall and onae-mutnl ~xploratton studkm.



nTRODUCTIOll

In 1973, th Atamia Enor~

Maouroe Evaluation (NUR3). The

aaseawm: of :he nuclaar fbal rasoumes in tha oonterminoua US and Aloska (US

Mpartmant of Ihmrgy, 1979). Tho NURE pro~ram is nw adminiaterad by thm

Department of Enorm (~B) and oonalata of hydro~oohemi=l and atraam-madimont

reoomuimanca, aerial @=-my mdlmotrio wrvays, topioal gaolo@o

%orld+laaam studios, wbourt%ce gaologic invasti~tiono, taahnology

tiona, and ranouroo aatimation methodology.

This raport is oonoornad with the Ilydrogoochamiaml and Strnam

atudiaaw

applioa-

Sedimont

Raoonn3lamanoa (HSSR). ~ur ~8 lab Jratoriaa, hwranoo Livamora Laboratory

(LLL), Isa Alawa 9oiontifio Laboratory (LAS!?, ~k Ridga Oaaeoua Diffuulo.1

Plant (ORODP), and 9avannah Rivw Laboratory &RL), havm oonduoted the hydro-

~oohcmioml program, Aroaa of rao~nslbility are shown b ●aoh laboratory in

Fig. 1. &oh laboratory dovalopad its own gooohomioal rwoonnaiaaanoa pr~rmm

for waniw baoad on tima and fundlnc oonatrainto and omphaalznd tho dotormlnn-

tion ofurunim oonoantratiuna in both natuml watara and ~tcrhorno atiimonta.

?hia roporh~mmarizea tho progrnmo dwolopod by the LAS”., ORGDP,nnd ML. IIJO

LLL pr~mm in nut dimowml bonnuae of tho vary am:.1 aronl aovorngo by thla
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TABLEI

TYPICALsM@LE HE31A U3S2 IN REC~lNA12SAt1CSGEOCHE41CAL3M4PLING

Rookl lhlpa to detmuh potential host rooks: wad mminly in
detailad wrveya.

9oila Extromaly uaful in areas of 10H mliaf, thiok overburden,
and arid climat~; us * pradomi~nntl; in dqtailed aurvays.

Or~;anLc Mnt%m 9omo bio@onhamienl praomwa mnwntmta oertaln alommta
in plant tl:uwom; extm]mol.y u:mf’ul in aumidoanrt arcan and
in datahd aummya.

GaOwl ~a to rndionotivu dauuy, &mo kaughtw produotu my be
dotmtod dopondlng on ntmosphorn and moll mndit Lens.

,Strmm UnLuru Uatws ajrcsulnte wor lnrgci araw and aro axtremoly uaaful
h noarahlng for nolubla ehmontu; mmt umd in roaonnnln-
unnocm



radla~=trio mathod~m Howa%3r, 3kpJ.”3, rapid met!mada WLW a ,gamaa-rx!htion

dataotor mch m a Galgordullar rr acinzillation aaun~er ara Ir’fhcsivm whura

a rel%kivdy thin inactive ovtwburden cowra an ora bot~ (Bowia at al, 1971).

BmmJaY uranlxm 1s aolubla and bmnm of tha ramnt uoe of highly sanalalve

for exploration has yleldad favnrabla reaulta,

Uranium in ❑mt rooks ooaurs as m oxida tn ths +4 valona~. In weath-

orln~ *JMG of amflolal fsnvirfxl=’:n%l, urnntum la oxidlzod to tho +6 vmlonmc
J

which is m~ily laaohod from uurfuao rooks and aurrhd as the uranyl ion into

oolutlm Ln m:t natural imtmw. Hoxavalmt urmntum SInerally stays jn aolu-

tlm untiL it lu abnorbml or aiauurku%i n roduolng onvlronmont whoro it in

pro~l~i%~tod as an nxida or hylroxida. Grganic mttor in atro,uw and lakes

all] ‘1’11.1 Ill :l~l:lwfll ,, Il. l.llr’ Il:t;ll iii’.’~1’i’flI L!139! Ill 1 0111111II: I!imFl::LI’”\l:lt.l



tho -jOF Mdla U9d. Hf war, phnt Simma wara usad ~ DRUDP and SRL in

pilot atudimn, and halim V1OE are wlhatad by SW :n pilot mnd maannmia-

annam studios ●nd by OIUID? lm dg~mild aurveyn. kOU~ & Of Ahnh iJ

●xtmaivaly oavarud by lak- ~ WL ao~lmots lake watmra and laka mdlsanta.

fhw typJ oaupln 00iLmtd ill JLnp arw dI?IJmlda an tho mJwJlta of axt8naivn
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ax~laraticn An arid re~ions tihero grobnd ~a~ws =Y oa :ha only aqugous medium

available to mampla [BoyUa et al. 1971). This adium is also uaoi’ul Ln humid

aress~ Whara aurraoa strsnma oontain low uranium oonoentrstiona bacauso or

dilutian and continual exposure of outoropa to rain and consequent leaah~ns

and ra oval of aolubla uranium (Little and Durt!’!a, 1971). For optlam uaa,

ground =tor aamplas should oe taken fre% aqul:grs at Iawwn de~ths (Damson et

●l, 1956).

Strem aediaenta (ueL ar dry) also are valuabLa inditiatora in outlinl~

geochamioal provinaoa. In the last 12 years, atraam aediwn~ aurvaya have bmen

the ahiat’ mthod fir Geochemloal rcaonnaismnce exploration (Rosa, 1977).

Infonnatlon %om aedhent muaphu can be rolatd diraotly to the aatobent:. I 1

basin of aa~h stream. This typo ofmadium la not affestad dlractly by ollrntio

chanuea as readily ao amfaae untera mro. (%nsequmntly, uranium valuea in

aedbcnt aamplna are generally wro aonaiatmt and yi?ld mnro eaaily rwogniz-

abla momllea than do ur’miw valum In awfaoo waters that fluctuate b~tween

wet and dry perxods. In araw of hifih rolisf or in dasert aiwm, stream

nodlml’mt uamplaa any bm tha only amilnblo anmplc mndium. In 9uodon, atrmm

oodtaant:~ hwo hen uimd axtunaivuiy (Brundin and HairiG, 1972) mu an a
●



la those areas. Houaver, since tiazw SRpi’la Rw= ::mkm ‘ktkJ3s yxmrally

havs -cry 15J u.rm tua Oonoaztraaisna ~ pryclz.? =easur+x=n:s ot uranMm at tho

0.5 par%a Far blllian fppb! lavel .Irs t%?~’d~l. m/c:: ac 31 f1971) hnve ehown

thas Win UM~liw in parts of the CaEli2ul Shield 19 df%a~~va in d91hOlEl~

arwas C“avornb:a for futura ex; hra tLon ma 1s i?a9=er than stream mnpl ing;

however, they emphasinmd that lakes should be sampled near inlets and outlata

to obtnti bea5 results. Other suwaya utilizlns lake =mplea includm

?4acDonald (1969), 14syer (1969), Boyle St al (1971)- and Wck (1974)-

Various ooabinationa of media may provido thti opt Lmumexplorathn method.

For exnmpla, in a rwin-terest terrane, a stream water (and poaaibly stream

sediment ) sAwla mupled with a vegetation nampla zigh% be beat. Moh par-

ticular physiographio province should be studlod soparntely, and all sampling.:
:.

❑edia should be thoroughly taated in the urisnthtion studien (Dradahw et ●ls

1973; Levinaon, 1974), pnrtioularly If vagetil or bio~oohemioal type medLa

are u-d. Biogo=homiaal atudloa havg boon umd with aoma tiucooae eapacially

in arid imm (Bo.#19 mt al, 1971). For CYSCIPIS, In the Colorado Plataaum a

da~p-rooted \utoh, Aatragnlua pntteraonl, -aquiroa oonn~dmable nelonlum to

grow. BocauGQ nclmim 1s amoalated with uranium doposlta in thiu arm, thin

apaclwr oan bo uuod aa m oru Guklo (kJahGilLr 1979}. Howver, bioGouehomi-

CM qtu.iinu lnvolvo OOMP1OXinturrnlntionflh ipu beWrun SOOl~SYE soil uolonuos

butuny, and ocolr~ and should be umd w~th axtrcmc e:lut!on (LWiIMIOII~ 19’/4)0
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II).

flr~h appllsd by RUS9JiIn, aolentlata in tho early
: ‘.

1930s, gnnchcmlGIl ox~leration had evolved tremendously. Reviwa of goa-

chouical ox~lwntian for uranium hwo been aompL1.wl by Doyls et al (1971),

BOWLOot al (1971], Urlmkkwt (1972), hlll~llo (1972), and Ro:sa (1977) among

.thcra. In addision, larga-aoala geoohomioal survaya have been oonductsd in

Canndm, R!.nhcl, Franc’:, Norway, M%d KlnU@om,and %ho USSR, ma .mll as thn

NUllR in tho U% Mont prooodurou and Mans rnviuuod in tllJu papa? ma n dirnat

dovolupnd in othw omntriom and of atandwd

su=lrlxud by lluwkw and Mbb (1962) m:l
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1. Goals Wtlinad.

2. Leadership and Rwrimcc.
Experienced wnzgsmmnt halpa to minimize program aosta.

3. LiteraW% Raaaarah of’ ~olnoted Area.
Thin roaawah l~aludaa exaninatian of all av!sllabla Infbrmtinn
portainin~ ?a tho arm of study. Tapias ~hould Induda physiography,
gaology, atruoture, hydrolo~y, oli=ata, knwn types of ❑inermlizztian,
gcoohoaistry Gf clfiwnt(s) aeu~ht, ml oa~a hiJtOrlOS.

4. Pilut (Crimtatlon) :tGdlcnm
All vuriablns--how t-n sail.-t tha saaplq, whtch =aplas to aolloat.
and how to trnnt tho aampl :--uhou:d : k ‘fully examined, At thn
aonolusion of the pilat dxdy, I mnual of nyate=tlo pr=aduroa la
prwpard and foil.awd durin.1 l~tor c~lloo~iafl of’ Mmploa fr~
oompmabh tarrmoa.

5. L4Ristioam
Thla lnoll:’lua ❑tudyiniq tha foamihillty OF muboontraatir~ and mthods of
q.~ality axnuvmcq FOP both field nnd nnalytleal datu. Report prapara-
tiun, dlzn’:mLnation d’ d:lta, And I’ollcw-up ar dotnild titudies and huw
%hoy aru to k ti+mmtf.d aro alan oonsidmad~





a)
b)
o)
d)
9)

f)

6)

h)
i)

‘“ *:::,;p’-.
8). aitiiaum
b) mixinus
a) Op:-m ror

E. -la Looathn
a) uimm to tdm mamplm
b) potential oon’amlnantn

F. Snq)M Praparmtlon
8) witor-no trmtauntw aoMLZi-

ont lon ~ fiLtratlon ~ ion-

d
b)
0)
d)

9]

~) klttW-+lnfi bti bl:l~ ~4-
athy 1WIU, tol’lm

b) midImmt--polyothylunn,
mPw or oloth IIWJ

o) atnm,gn pmblow

m
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dIOMlrIStlw progroas of

.

quadlwlgloll. AoQ#sO is

FI#LD WAWIIEHT3

Thnrw mm mny

Wl%lr, m?wr’11 of

ahw:s d lw~rw.r,mwit

!I ■.

ohmtml Ihatat:1 Umt oontrol th~ oolub 11lty of urmim in

uhiah m~ L.ktd in fibln % A rwvlau of thu Utomtum

aa to @iioh monwrmanta arfJ moat Wportnnt I urmhm itadlf

la th boat ind! : Itor of’ umn~~ dtipo~lts. Of tha rnnaur-ntn llmtmi in

hblr~ V, thu fblluw lwI m ruhtlval Y my tn mutinoly BUUCPH h thu field.

uranl m aontant incmmmn. Iluuwcr,

mnh n whlu mn~n of ~11 (W ~%rt and ■

W Lntmpmhtlm only wlmn uxtrnmu ,

Ilnl 1, 19731.
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meaawrmaii%a ars usually ?arfamd with fi~la titration kitm. Ground radio-

42sfWty ia ❑wwrad with por’tabla aatntillcimtars.

sma mtar sampl~m contain abundant auapand%d mtarial. This mtarial

may mquim r’iltratim baoau:o ms the auapended matter may wn~ia ●dditional

u.~nl~ tha: is ~t ~ nolut~ona All lahoratoriaa filtw their water aa~loa

Mpawiing on th~ wai~ht and aim limitations of ample gear, amvorml difforant

:Llta- modala ●ro wad. QM Whtwalght typa umad by LA9L is ahowo in FI& 3A.

A slightly d if ferant afi heavier modal is uaad by SRL and runs off ● fluoroo8r-

bon sa cunlatal’ that oan apply praaaura up to 40 pal (Fig. 3M.

IN any pr~ram of this ma~ltuda, thousands of aalimant mamplaa ●ra

hmi lad during peak pa rids, Baoausa =~lea are analymd fbr both uraui~

and a varlsty of othur elamants~ any material that ~omea in oontaot with tho
1.

aamplc oould drmtioally affaot the traoa almant data. msaquant Ly, ● mathod

to colloot (unua lly sow 8ort ot plastic mmop) md transport Ma IWP19

(~ithar ~ Plaatia or ➤.pfjr MS) had to ba dat-in~h All Moratoria malym

thn fhm-aimd frao tlon thmt paacIa.I through a 100 maah soroan-



diaouasad (FW 2).

In Alas!a, 50 ml of

and dze to the hi~h 00:ISS

imtar are oollactwl, but boaauga of the

par wimpla kc~tlon, the sims-oonau.alnif

filtration La =itted. Measurements me usually taken with q water quality

oheakar (Fis. 2C!. In addition to atandarq Fiald measuramonta (Table II),

dia~olved okygan is Wken for all Aladca water ~~le~m

3miim4nt Samnlaso—— Up to 1 kG of aodiment IS oolleotod from at least

thrca adjaoaut SPOLS at eaah IooaZion. Tha =mpLe la usually colleottid with a

polyethylmo oo~op. Tho mliment inmt be water transported and taken below

the wtar lavol (if watmr is preaant) anc WY: oontain enough organic-rich,

fluo+dnd pmrtlalou to fill u 2%ml polyeth~lone ’vlnl. In lake arana in

Altdca, tha eedi!aont IS oolleotod with a speolally deai~od

oporatod bottom oamplnr that oan bm !roppud from th~ aido

(Fig. 4). Af’tcm oollootion, aodt.mnntu me put into a rip-top

Ii-kg, auotion-

of’ a helicopter

polyothyluna Ixw

aro drhd nt

rncllo:mtlvlty
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8MI Lhity ❑eanuremnta that are made wlch a flsld titration kit.

W causo of the low uranium cox’+mtrationa Ln watb~ sa~lss i!! tha amtern

US and baonuse of ample praserv~tion problomar ML dnvalcpad a field im- .

oxohnnU% procedura. Ab- t 1 A of wa~ar with a conduotl-.ity of 500 ~!o/cm or

10SO la mixed with 10 g (4 6 dry valghk) of 100- C3 2dO+eah hidh purity

cation-anion exchange resin. For samples exhibitl~ oonductlwity valIueY



aw.dlnq them to 9RL.

~ aa9 Pilot surveys have detnrmind

aamplda from arid areas gmnom1ly ●a ●s effaotiva aa st~earn aarnplos

that 3011

from arid

aroma, although dry uaa~ a-a nre avoided when 8traam ~da comiat in the MEW

grid squara. Tha sample prooadura for dry adianta la tlm asme as for wet

‘adimant.~; houevar~ thr aampl a is umJallY aoll=tad with ● shovel or trwal. ■

If SIIPIif’ionnt amunta of tiindblown sand are pranent, a l.owaite of at leant

15 aop%rnta areas ia uaad. Tha mmmple la than aiaved to a -18 to +40 and -hO

❑et:, fraations. Llotih siza fraa t lonn nre %hcn aont t~, SRL
1:





HYDROGEOCHEMICALAND STREAM/lAKE SEDIMENT FIELD DATA

7 owm

● ✍

T O:ml?n
*, ac”

2 ● .-luclawr
3 U#fmcasl
4 Mm
n—

.
I I
i I



!Ii#I ralhf (Chnmbnrlain~ 19W). Furthcsmom, ●oms to imtar my ba

difficult and sediment my be absans locally. Thereforo, aampla denai.

tlos w have to ba Lnoraaaod ao that adaquata oovamgm oan ba obtained.

~ooloz!! - Urani- aontont in both ~tar nnd ●dhnt ganarally rafloota

the 100al ~ology. For axampla, baoauaa of oomploming of uranium with

carbon~ta Ions, m straam flovinc ovar oarbonato t~rrano would ba ●xpcotad

, W hava h~her uranium oontont than a similar atmam flming ovor aili-

ocoua terraria ( Lwlnaons 1974 ). S~~enta from ●oidio igneous rooks

ganormlly havo graator uranium eonoantration tt..n sadimanta horn othor

rook typos (Rogora and AdamaE 1970). Also, ground wtwc thut oiroulato

along f’raotures and foultti my oontr~buta aw.ifioant amm~, of urmnium

aH w1l M oth~ Waae ❑ataln (hi ●t al~ 1975;i DyO~E 1975). Conaaqmt-

ly, thu 100al geolo&y =Y ba the wst &orWnt obmervatinn that will

tmlp in Interpretation of tha data.

anntnminatlon - All aoumm or oontamlnatlon ~ auoh aa ❑ine ntarat toillnga~

trnah, wxl man-made atruaturoa ( bridflaa, oulvartns und wall omainga) am

WCJi,10(1 UIIOIW ~~lbla~ Iiouovur, my potantial oontnminnnt, auoh as

urnnlum.rlah phwphntu forti’.ixura (Bobarg &nd Runnqllor 1971)- iu nota’1

01: tho dt~Ln fem.

vwnt.nt. I m - ln tarrmnn ocmtn lnin~ ,lbund’mt va~utnt lml, rulutivuly short

d I :IpvIvJbJIi tralnn LII :JUPRNXJ wntm ml nx lat. mlh fIOIhUWAIY ~mt:~

from Iw:wmfn mat tm dxIoI’lJIIII; mIn him from t.ho untor and, oon:lnqumt iy,

1ncJrw,;lnl; ttw IIrmII im mmmmt.r:lt, bm in md fmunt ( Dt11‘AI1Lo, 1!171; Dyck

Ill, :11, 19’(1).



to dmtach anomalias

Rasulto of @nadian

similar inrormati9n

in aurfaam mtara over 10 km downstream from wnato cIumpw

aurwys for wma axtonaivoly ooverod by lakoa awmt

oan bo ebtainnd on a ~~d of one aampla lomtlon par

~ h= aomparad to ono aa~lm looation per

dopnaitn ●re very looallzod (Oarrettl 1977).

dapcnda on @olcw~ hydrol@y~ and olimotm.

pcxolblm for rot:iona having pow ●oomas. on,

16 km2 ●xoapt for tmaaa whom

Cleurlv, tho mlmotad denalty

Complato oovo~a in not always

should ohoom ● apnoiw ao thnt



LASL

LASLFS co~al land area of #aaponsi5LlLty in cha program mounts to ●bout

35%of tha us. Soma 250000 aampla Locationa will ba taken from 2.7 million

km2 of land. Tha ama Inoludoa mm of the RookY buntain statm and mll M

Alaska (F& 61. Woh of the RookY HounWn rasIon consists of r-d mountmin

IIUIWS aaparstod by Intmmontanu basins. In these muntaima and a their

flanka, tint-flowing strmm uatora and thai~ a-imanta ●a the mJor aampla

media. Wall-water Mnplea are the mjor MMP1O madia in the Intarmontana

lJaJina.

Part of she Colorado Plateau is ●lao in the IML region, ●nd this waa

aontzinu aovnrml urnnium diatriotal inoluding the Wants mineral belt In W

Hoxiao ~ uhioh 13 tha lnrwat uranim-pwuohw arm in th W. ma ol-to in

the Platsau roglon and in tha mutharn pnrt of tho LA!SLa~m of r,~anibility

la oomi-wid. In thano araaa, wall %mtor mmplm are wlleoted uhan ~naible,

mlthoI@ in mparanl.y populntad ●ram

avullnbln w~mpli.nqmedia.

Alw:kl aontnlna n divorulty of

and ●oh of th@ int~rior of tha atoto

dry stream bwla thay may ba tha aly

phyuiwrmphic provincua. lhu northern

in undorloin by rog~ms of pomafrnst.



OWIDP

The total area of responsibility for ORGDP is about ?.G ❑illion km2

(Fia. 6). Sampias in th~ northurn rsglona are aolloctad mostly From atrwu

in marshlands. Huoh of the ORGDPmea IS withy tho Clreat Plains and Central
,,

Lowlands, which la aomprised of generally low-lying topography. This area 1s

axWnsi’July f’armed and, ●lthou~h abundant~ mrfaoa atrnsma do not offer optiuun

aamploo, Howaver, those lowlands are underlain by larGa ground-wntar aqulfura

and~ oonunquonLly9 ground-water aamploa prudomlnate.

Tho southern area with its oomi-arid olimuto oontraata sharply to tha

mid-oontinontal US. Thoro aro nlso uomo known nanclatone-typn fkpmlta in tho

cf~lut[ll Pl:\in OF Texan, Wound=witor media provida tha baat sample madiu

tlorcl bou:uxm ~ltrcamn gonorully ur~ dry and my oontntn winll’ ‘own mntorlnl,

Tb. mmplo donujty for OIMDl}01’ onu location pnr 26 km2 predc:filnnlltly

IWfllJOt~l COLIWIkhIl Of gNMl?d-kf~tfIl’ Mdha AL1 ground-wntor lonnLlonti arc?

ohmvn ueenrdinlf tu a I!rld ny:It~!m, A WI!I1 10IMthmI LU Mltu!tmd hi :1 Iyld [’IN”

Whldl WnlL lwt lnMUJ:ltl. f!xl:ltu. If’ n :Ilt[)wwmot bo ro:nlhnd, nn nlLul’-

nUt~J 111 [11~’kod ~J:/ fdl~?:I:Unl)b’l’lhilt IL I:J !I~J[! :lnlnl)b’l”tl l’tl:ll)f”)li’l ll)li~ty to

W!lv’!t :1 ::lt,i! Iltt:il’ Ll: ;Ilid l~lll)l~i!;;ltlll.’ll, 1’/1! ~)1’ th) IJI’11:111111tiII I Ll) w:lb:ulc Lhl”

llWI,S:I:I,IIIy IJIIL! ]fl,: llll’l, r!n”ltllm 1’,,:. ,( pl~,llll(~lll,: l,,,l’1;:! 111,:, !Ilq)t!,l :111,1 1!11’?:1

Lyl’” ),
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tiww that aOEPlmO am uwabh to =oh ara rnaalaat~l to almulato tha 0ri3inal

mita aa naarly aa ~aalbla.

SEk

The SRI, arm of raspmaibility inal~as nll or ~rta of 37 atutas in Lha

gaa~om US ●nd uaatmm US. Iha pmaaduroa duarib~ in thla rapart ganmully

re.%r to SRL‘U oporntlon in the mntarn U9 baauuno thny havm aIly rooantly

boGun sanplll~ lr, tha untitum US (Fi& 6). Ro@anm M Ma omtern US oanaitit

prwlti n.lnt ly of ralllw

thua~ a, “um la sunornlly

tian. Uuth atmmu and

onto privn~~ prapnrty my

hill.1 ml piedmnt-ty,qa topography. Tha ali=tu in

humid with n~ifi~nt mln~ll and mbundant ●wM-

~nd-mtnr m~lo madLn wo avnilnbln, but naown

M loan 14 dlff loulta

IlwJ SRL rwian of raapanaLbillty in tha uwtarn US inalwhm part of

lkulln nnd ~Uv#J phynlq~rnphln pruvinau. lh!h of th la nrmn lo aoml-arid

COWXIImntly, mm llabil Lty of thm ~pwund-wtor wd ium

WI

mid



wplomtion P1OO3WW aver st%ompted. Uy the comple?.ion of tho pro#rnm, morm

uhr:llnod from:





DFwllB 8mY. o 1971. a9a8hdst~ ml m WplnmtLm.

area. ml., Ill 113-11%
9



Orimkrt , AmB 1972. w Or sh-1 twhnlqwa in UWaillmmmatim
hlth dLoam4ml. Inl Smllmu. BOwh, w Dwio aw L mtla (Editorol,

~ Mlatitutial of mnlng *M lwulw~ , *1 pp. 1!!i!w!
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